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EDITORIAL 


WARTIME SALES PROCEDURE 


E announced last week that under the auspices of the 

“Greater London Gas and Electricity Committee”—a 

comparatively new, and, we are given to understand, a 
decidedly potent body—a wartime sales procedure has been 
adopted. The new Committee’s task is to implement the 
recommendations of the National Joint Gas and Electricity 
Committee, which recommendations were discussed fully in 
these columns of the “JOURNAL” over fifteen months ago. 
What had at first been the “truce” between gas and electricity 
in their dealings with the community, it will be remembered, 
was sublimated into an ‘“‘understanding.”” New moves, quite 
rightly, provoke resistance and criticism, but broadly there has 
been no sandpaper friction between these two obviously impor- 
tant public utility industries since January of 1940—and that 
was before bombs descended upon certain parts of Great Britain 
(not just London, we add). 

Anyhow, as the world well knows, Greater London, which 
embodies many acres and many people, has had a certain share 
of enemy fire and blast. The public utilities (gas, water, elec- 
tricity) have not come through unscathed, but they have come 
through resilient. Prior to the present conflict of thought and 
strength gas and water were not in competition; water was a 
commodity to be heated in the best possible manner—by gas, 
so our Industry thought, but by electricity according to the 
interests immediately concerned—or, maybe, by solid fuel, coke 
and coal. Prior to the war there was quite an intensive com- 
petitive barrage between gas and electricity; some of the shells 
from both camps were dud, others effective, and many merely 
vindictive. Behind this barrage the feeling was accumulating 
into a certainty that solid fuel, smokeless and smoky, would 
eventually disappear as the housewife’s companion—that is, in 
those districts where either gas or electricity was available. The 
war came upon us, and “‘safety-first’” with it. ‘‘Safety-first”’ 
affected industries no less than it over-ruled the common actions 
of the individual. The Gas Industry, together with its rivals, 
decided to let the community know nothing, through advertising, 
of its services to the nation in wartime. We are not concerned 
in our present comments in discussing whether this was wise or 
otherwise, and this in no way implies that we are lacking in 
views on the subject. Speaking from the wings, as it were, we 
look forward to railway publicity and find temporary incon- 
veniences pleasantly tempered by railway publicity posters. 
Gas and electricity are, however, quite out of the picture. Is 
it that they have no colour to use and no appropriate brush with 
which to apply it? 

To our mind, a “‘truce” or an “‘understanding” is in wartime 
understandable ; the fact remains that it is deadening. Absence 
of pinpricks never produced keen thinking and never fostered 
sturdy action. We are encompassed about with an “under- 
standing,’ and we appreciate the great need in present circum- 
stances for the fullest co-operation between the gas and the 
electricity interests. The paramount need is that of the com- 
munity, and conditions of heavy bombing have naturally brought 
to the forefront the aim of all public utility undertakings— 
service to those who pay for that service. War has always 
been a ‘‘shaker-up”; war conditions are artificial and events 
have to be met with expedience. Wartime policy is, therefore, 
not necessarily fitted to assist development in peacetime, and, 
though we may refrain from criticism of wartime expedience, 
it is profoundly to be hoped that no ‘“‘understanding” which 
may come within that category will hamper our Industry from 
maintaining the goodwill it has won through the years, nor 
hinder the development of its business either now or in the 
future. 

Let it not be thought that we are opposing on principle future 
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co-operation between all the suppliers of warmth, cleanliness, 
and comfort, in whatever form the sources of energy for the 
purposes. There will be much repair work to be done, and 
undoubtedly in the past there has been much unnecessary 
overlapping. But we do insist that such co-operation must be 
upon lines of a real considered policy, and not merely a con- 
tinuation of the present somewhat negative laying-down of 
arms, which has to be accepted as a wartime expedient. In 
some ways the fuel industries have been petty in the years since 
the last war, and have exhibited the characteristics of rather 
naughty children, while teamwork and solid understanding have 
been completely lacking. If the ‘‘Wartime Sales Procedure” 
of which we gave particylars last week helps towards the formu- 
lation of a sound fuel policy it has our full blessing. We have 
reason to believe it well may assist towards this end, but it must 
not be regarded as the end itself. With this qualification we 
accept it as not only justified, but inevitable, in the peculiar 
circumstances of Greater London to-day, and of many other 
important towns and cities throughout the country. 


CONSERVATISM 


N the Oxford Dictionary there are many definitions of the 

word conservative, one of them being “cautious,” another 

“purposely low.” The Gas Industry has been charged since 
1812 or thereabouts with being conservative; we doubt whether 
it has been charged with being “‘purposely low” (apart from 
pressure). In common with other public utility undertakings 
the Gas Industry has always endeavoured, as indeed it has been 
statutorily obliged, to maintain a supply of gas; in other words, 
to “conserve” that supply. We do not think that the Industry 
has been accused of recklessness, but we do know that it has 
constantly been accused of conservatism—in particular, perhaps, 
of not accepting at first blush new ideas and new practices, some 
of which have been found valid and others of which have been 
shown to be basically wrong. 

The Gas Industry, to our mind, has suffered and also benefited 
by its avowed policy of caution. It has stabilized the quality 
of its products and has built up what may be termed “consumer 
reliance.” This ‘reliance’ factor may on occasions have 
retarded progress and slowed-down the acceptance of quite 
sound novelties. But for years now the Industry’s hide has 
been well and truly pricked by many spurs of competition, and 
the position of the Industry would not be what it is if it had 
failed to consider and apply new developments. We should, 
as an industry, still have the ‘“‘batswing mind,” and it is clear 
that we suffer from no such conservatism. 

The reason why we are writing at the moment on this subject 
is because a manufacturer of a perfectly good product said to us 
only a few days ago words to the effect that the Gas Industry is 
conservative, almost ‘‘dead and dumb from the neck upwards.” 
We realized why he was saying this; it was, of course, due to the 
fact that the particular product he was vending had. not been 
accepted with open arms, and immediately without question 
and without test, by certain “‘stick-in-the-mud” gas undertakings. 
As we have said, it was (and is) a perfectly good product, and 
we queried whether at any rate some part of his irritation was 
not justified. 

What the manufacturer expressed can be put into a small 
nutshell—‘“‘my sales representatives can never get a hearing; 
knocking at the door of a gas undertaking is only to bruise 
one’s knuckles in vain; the mention of the word ‘new’ is 
anathema.” Well, we have a measure of sympathy with his 
views, and we do wonder whether the executive chiefs of gas 
undertakings generally devote the time or allocate the time 
needed for what we may call “buying research’’—in other words, 
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daily consideration of what any manufacturer, inside or outside 
the previously accepted pale of the Industry, has to offer in the 
belief that the use of his product will bring all-round benefit. 
We do not think that the Gas Industry slams the door against 
the newcomer, but we do suggest that a friendlier welcome could 
in many cases be extended, and we are certain that a percentage 
of the working day should be given to this very important task 
of “buying research.” 


The London of the Future 


Who is there of us in these days who does not indulge in, and draw 
comfort from, thinking and planning for the future? Ideas are being 
expressed and plans visualized in many quarters which seem to lift 
our daydreams on the subject out of the realm of idle fancies, giving 
them a more solid shape and form, something concrete on which to 
build. Naturally as the capital of a great empire, and a city beloved 
by all, London looms large in one’s thoughts when the future of our 
island is in our mind. Who has not conjured up. visions of the 
wonderful city of the future, with its majestic domes towering up into 
the blue? Or will it be a city of glass as H. G. Wells visualizes it ? 
But to those whose vocation rebuilding is, the planning of a new 
London has become a definite objective and responsibility, and an 
interesting address on the subject was recently given to the Royal 
Society of Arts by Mr. W. H. Ansell, President of the Royal Institute 
of British Architects. ° 

As a basis on which to work, Mr. Ansell suggests the calling of a 
preliminary conference, possibly under the Chairmanship of the 
Minister of Works and Buildings, for the discussion of the problems 
arising from air-raid damage, and the setting up of some organization 


for survey and planning. Mr. Ansell pleads for ‘ta vastly improved, 


old London, not improved out of recognition, but retaining every 
architectural treasure that our fathers have left us, passing them on in 
our turn, together with our own contribution which the present 
unexampled opportunity has made possible.”’ He is not an advocate 
of any scheme whereby London should be turned into a “‘collection 
of skyscrapers set in artificially created parkland,” and urges that a 
plan should be prepared so that “the opportunity so tragically created 
for the building of a better, more convenient, and more beautiful city, 
shall not this time be lost.” 

The mere idea of building a new London raises thoughts of an 
undertaking so immense as to be almost breath-taking. A host of 
questions surge into one’s mind. Is London to remain a vast centre 
for industry? Or will present evacuation arrangements become 
permanent? The removal of many factories permanently would 
leave space—which is an obvious need—for better planning of London. 
There must be no more slums. Then there is the question of traffic. 
Should London be by-passed? And so one could go on asking 
questions. But the answers will have to be given, who can doubt, 
before long, and they are of a nature which is all embracing. The 
responsibility for building a new London lies with us all, and the Gas 
Industry will not be among the least who will have to bear a part. 


Personal 


Mr. J. GAUNT retired from the position of Engineer and Manager 
to the Aberystwyth Gas Company on April 30, owing to failing health. 
He had held the position since 1901, thus completing 40 years in the 
service of the Company. Previously he had been eight years with the 
Manchester Corporation Gas Department. He was one of the first 
Gas Engineering students at the Princess Street Technical School ; here 
the Manchester Junior Gas Association had its birth, and Mr. Gaunt 
was one of its founders. : 

He is succeeded as Engineer and Manager at Aberystwyth by Mr. A. 
HAROLD Sayers, who has been Assistant Engineer since 1927. 


* * * 

Following the death of Mr. E. J. Wellens, Mr. F. T. HATSWELL, 
Technical Assistant, has been appointed to take temporary control 
of the Wombwell U.D.C. Gas Undertaking, under the supervision 
of Mr. J. W. Brearley, Engineer and Manager of the Swinton and 
Mexborough Gas Board. 

* * * 

Mr. JAMES L. THOMSON, Distribution Superintendent of the Kilmar- 
nock Corporation Gas Department, has been appointed Engineer and 
Manager to Newport Corporation, Fife. Mr. Thomson, who was 
appointed to the Kilmarnock post six years ago, was educated at 
Trinity College, Dublin, and at Edinburgh University, completing his 
training as a gas engineer in Hawick. By the staff and workers of 
Kilmarnock Gas Department he has been presented with a wristlet 
watch and a fountain pen. 

* * * 

In our note last week concerning Mr. WILLIAM SUTCLIFFE’S appoint- 
ment to the Blyth Gas Company we stated that this Company was part 
of the Newcastle-upon-Tyne and Gateshead Gas Company... This of 
course is incorrect and we apologize for the error. 
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Obituary 


F. S. Cripps 


An Appreciation by R. J. Milbourne 


A long connexion with the Gas Industry was terminated by the much 
regretted death of Frederick Southwell Cripps, and as I have been so 
closely connected with him during the whole of my business life, I, 
personally, feel his loss most deeply. This feeling of sorrow will be 
shared by a large number of your readers, both at home and abroad, 
not only for his charming personality, but for his first-class technical 
skill and sound engineering ability in the design and construction of 
guide-framed gasholders, of which he was considered the leading 
authority. 

I well remember, when I became a pupil of Messrs. C. & W. Walker, 
how fortunate I was in being placed under Mr. Cripps as his assistant, 
and subsequently engaged by him as his Chief Technical Assistant at 
Sutton and Westminster. From these years of close association with 
him, I had many opportunities of realizing and appreciating his genial 
and inspiring personality, combined with his technical skill and ability, 
which endeared him to all. 

Mr. Cripps retired from business in 1914, but from that date, right 
up to within two weeks of his death, he was intensely interested in all 
matters appertaining to the Gas Industry, and kept up a correspondence 
with me on problems of gasholder construction and design. In fact, 
this branch of engineering was his one and only hobby. He had not 
been in robust health for the past ten years, and although his later years 
were clouded by an affliction of defective eyesight, this did not deter 
him from keeping in close touch with all matters affecting the Gas 
Industry. His private secretary read to him each week any matters of 
interest in the pages of the ‘“GAs JoURNAL”’ and other technical papers, 
and conducted his correspondence with his old friends in the Industry. 

Mr. Cripps has been called from our midst at the ripe age of 85 years, 
but all those who had the privilege and advantage of his acquaintance 
must have felt inspired by his great example to endeavour to emulate 
him in the service of the Gas Industry, for which he toiled so unremit- 
tingly with a firm, constant and steady devotion. 


We regret to record the death, which occurred at his home at Sutton 
on April 23, of Mr. Lewis SmitH, Managing Director of Messrs. Smith 
Meters, Limited. Mr. Smith was the grandson of the Founder, Mr. 
William Smith, and joined his brother, Mr. Ernest W. Smith, in 1911, 
becoming Director and Secretary to the firm when it became a limited 
company in 1915. He took over the position of Managing Director 
on the death of his brother in 1938. An excellent administrator, he 
always engendered a feeling of esprit de corps among the staff, and 
endeared himself to all with whom he came in contact by his cheerful- 
ness and generosity. 

The funeral took place at Christ Church, Sutton, on April 28, and 
was attended by the whole of the family, and a large number of business 
and personal friends. 


Mr. and Mrs. W. H. T. JoHNs, of Rotherham, have suffered a sad 
bereavement in the loss of their eldest daughter, Mary, who died at 
the Children’s Hospital, Sheffield, on April 26. 


Letter to the Editor 


Future Goodwill 


Sir,.—Your journalistic intuition has pointed a warning finger at the 
Gas Industry for its unwillingness to publicize wartime achievements. 
This policy you question as being unwise, and with this I thoroughly 
agree. 

Your Editorial Notes on April 23 dealing with future goodwill 
should be read and re-read by all, and-then perhaps they will think 
again. Whatever arguments may be put forward with the main 
object of smoke screening the Gas Industry, they are not sound, and 
also they do not form a sufficiently good reason for abandoning any 
form of prestige advertising. 

The Merseyside, with its centre at Liverpool, has had for some 
time a co-operative advertising scheme, but apart from this there is 
no inclination in the Manchester area to work on the lines you suggest, 
although there may be certain undertakings which have not voiced 
their opinion, and it is suggested that in such cases use should be made 
of the central organization of the B.C.G.A. By such action the 
Executive Committee may become aware that a wonderful oppor- 
tunity is passing beyond our grasp. 
Gas-Works, 

Stalybridge, 

April 29, 1941. 


Yours, etc., 
R. J. RESTALL, 
Engineer and Manager. 


Manchester Junior Association 


A General Meeting of the Manchester and District Junior Gas 
Association will be held on May 10, when the members have been 
invited to visit the new showrooms of the Liverpool Gas Company at 
Radiant House, Bold Street, Liverpool. Members will meet at the 
showrooms at 2.0 p.m., and after the inspection the following Papers 
will be read: “‘The Effect of the Correction of Gas Volumes on Gas 
Delivery Figures,” J. Gaskarth, B.S.C., and ‘‘ Some Notes on Sulphate 
Reducing Bacteria,’”’ C. A. B. Woodhead, A.I.C. 
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A Meeting of the Central Executive Board of the National Gas 
Council will be held in Committee Room No. 1, Gas Industry House, 
1, Grosvenor Place, London, S.W. 1, on Tuesday, May 13, at 12.30. 

The London and Counties Coke Association announce that the 
following Committees will meet at Gas Industry House on May 19: 
Finance, 11.0 a.m., Executive, 11.30 a.m., Central, 2.30 p.m. 

As a Result of Enemy Action the Staff of Le Bas Tube Company, 

Ltd., have been transferred to 23, Montagu Square, London, W. 1, to 
which address all future communications should be sent. It is feared 
that some correspondence has been lost, and therefore the Company 
ask all who have written to them recently to communicate again with 
the above address. There will be no interruption in the delivery of 
G.F. Fittings. 
_ To Help Exporters to overcome transport difficulties encountered 
in the course of their business, the Board of Trade has appointed a 
Transport and Progressing Officer in each of the Civil Defence Regions 
in England, Scotland and Northern Ireland. Exporters are urged to 
take full advantage of the services which these officers are able to 
give. A list of the officers’ names and addresses can be obtained 
from the Board of Trade, Millbank, London, S.W. 1. 

More than Two-Thirds of the shareholders in the City of Goulburn 
Gas & Coke Company, Ltd. have accepted the offer of the Gas Supply 
Company, Ltd., for the purchase of the undertaking. The capital of 
the Goulburn Company is £15,000, and the purchase is on the basis 
of 20s. per share in cash, or one share in the Gas Supply Company, 
Ltd., for each share in the Goulburn Company. Goulburn is the 
twelfth largest provincial town in Australia, and is situated 137 miles 
from Sydney and 65 miles from Canberra. The Gas Supply Company 
operates in the towns of Cairns, Mackay, and Gympie, in Queensland ; 
Albury, in New South Wales; and Sale, Bacchus Marsh, Ararat, 
Stawell, and Warracknabeal, in Victoria. 

The Latest of the Series of Leaflets “I Pass This on to You,” 
published by the Women’s Gas Council, and entitled ““‘The More We 
Eat Together,” gives useful information about the running of a canteen 
and large-scale cooking. It explains how to simplify the routine 
work, how to make the canteen popular with clients, and how to 
manipulate the ever-changing supply of foods available. It even gives 
a week’s menus used in a canteen, and the costs for one day. Finally, 
there is an amusing note from a student’s notebook. This leaflet has 
been shown to leaders in institutional management and has earned 
their praise. The solid facts are given in an amusing way, illustrated 
with delightful _ etches by Harry Rountree. Copies of this leaflet 
may be obtained, price 2d. including postage, from the Acting Secre- 
tary, The Women’s Gas Council, 1, Grosvenor Place, London, S.W. 1. 

The 42nd Edition of the “Rawlplug Guaranteed Products 
Catalogue” corrects and brings completely up to date the entire list 
of Rawlplug products. It is hoped that it will remain correct for 
some few months at all events, though it is pointed out that all prices 
are subject to amendment to meet any rise or fall in cost of materials, 
wages, or alterations to Purchase Tax. It is estimated that the 
advertisements of the Rawlplug Co., Ltd., Cromwell Road, London, 
S.W. 7, are seen by over 20 million people a month in Great Britain 
alone, and Rawlplug catalogues and advertisements are issued in no 
fewer than 25 different languages. Since the introduction of the 
simple Rawlplug there have been added to the range of fixing devices 
Rawlbolts, bolt anchors, screw anchors, white bronze plugs, and a 
host of other products to simplify the job of making secure fixtures 
in all kinds of materials, and the 24 pages of the new catalogue offer 
helpful advice as to the best devices to use for particular purposes. 


1941 ‘‘ Journal” Directory 


In order that subscribers may keep the particulars contained in the 
Directory up-to-date, we summarize below such changes of which we 
have been advised during the last month. 

Page 8. BLYTH. J. R. Gledson appointed G.M. & S., and W. 
Sutcliffe E., vice J. Eadington, retired. 
» 14. CARDIFF. R. J. Auckland appointed M. & S., and F. 
Boardman, C.E., vice H. D. Madden, retired. 


22. DEVIZES. C. M. Smith appointed E., M., & S., vice S.. 


Hall, resigned. 

58. RICHMOND (Yorks). J. McNair appointed E. & M. 
vice W. Hemingway, retired. 

78. WOMBWELL. E. J. Wellens. E., M., & S., deceased. 


The Society of British Gas Industries 


Silver Medals for Junior Association Papers 


The Council of the Society have again this year awarded Silver 
Medals to each of the Junior Gas Associations for the best Paper 
presented during the year by their Members at a General Meeting. 
Fourteen papers were submitted by six Associations for adjudication. 
They were of a high standard. The following is the list of awards: 

Manchester and District—Edmund Bates, ‘“‘The Conversion of a 
High-Pressure Steam Boiler from Oil to Gas Firing.” 

Scottish—Eastern District—D. W. Davison, ‘“‘The Operation of, 
and Results Obtained in, a Small-scale Coal-testing Plant.” 

Scottish—Western District—T. Stirling, ““Gas Drying at Kirkin- 
tilloch.” 

Western.—K. G. Eccleshare, ‘“‘Radiant Heating.” 

Yorkshire-—L. W. Roberts, ““Some Experiences in Laying the West 
Yorkshire Gas Grid.” 


May 7 IO0A4! - 
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W.G.C. WARTIME ACTIVITIES IN- 
MANCHESTER 


The Annual Report of the Manchester Branch of the Women’s Gas 
Council shows how members are pursuing activities of a somewhat 
different nature from those which the Branch had originally planned. 
Members are working diligently. at First Aid Posts, Civil Nursing, 
A.R.P. Posts, Fire Watching, W.V.S., to mention a few of their war- 
time jobs. Others have taken canteen courses, and have been able to 
put their training to practical use by helping in the communal kitchens 
and rest centres during and following heavy bombing attacks on the 
city. Many members are attending cookery demonstrations in the 
Gas Lecture Theatre, and doing useful work for the National Food 
Campaign by passing on to others the knowledge they gain. 

Once again the Manchester Branch has had the good fortune to 
secure the services of the Lady Mayoress of Manchester as President. 
At the Annual Meeting on April 22, Mrs. R. G. Edwards, the present 
Lady Mayoress, was welcomed on taking over the office. Although 
it has not been possible to hold regular meetings, the Branch has been 
kept well together, and splendid work is being done in many spheres. 
The fact that it has been able to adapt its organization from peacetime 
activities to those of national and civic service shows what a valuable 
asset the Women’s Gas Council is proving, not only in Manchester, 
but all over the country. 


Factory and Storage Premises 


Registers of all factory and storage premises throughout the country 
are being prepared, and after their completion it will be impossible 
for anyone to requisition or acquire any of these premises without 
having obtained the approval and consent of the Regional Controller. 
Sir Cecil Weir has been appointed Controller-General of Factory and 
Storage Premises, with Sir Thomas Barlow as Deputy Controller- 
General and Factory Controller, and Mr. Philip A. Warter as Storage 
Controller, together with a Regional Controller for each of the ten 
Civil Defence Regions, each of whom will be the allocating authority, 
under the Controller-General, for space required in his area. 

The purpose of the Control is to regulate the requisitioning of 
premises in accordance with the best national interests. All essential 
war production will be provided with the necessary premises when it is 
obliged to expand, or to remove as the result of enemy action, and the 
Control will aim at as wide a dispersal of storage as possible. The 
actual requisitioning or leasing will be carried out as at present by the 
Service Departments or the Ministry of Works and Buildings, as the 
case may be, after the approval of the Control has been given. 

The registers will show which premises can most readily be made 
available for other purposes without detriment to other important 
work or to employment and the purpose for which they are most 
conveniently and suitably equipped. It is hoped. that the register 
of factory premises will be completed by the end of May. With the 
co-operation of the principal national trade organizations, a question- 
naire has been sent to all factories, with certain exceptions, normally 
employing 10 or more persons, and Sir Cecil Weir hopes that any 
owners or occupiers of factories who have been overlooked will 
co-operate with the others, apply either to their local trade organiza- 
tions or direct to the Registrar of Factory and Storage Premises, 
Board of Trade, Millbank, London, S.W. 1, for the necessary forms, 
and so expedite the completion of the register. The storage section 
of the register will also be compiled without delay, and an Order will 
be issued calling for returns from the owners and occupiers of particular 
types of premises which are or might be available for storage. Mr. 
Warter, Storage Controller, anticipates that his Department will be 
interested only in premises of 3,000 sq. ft. and upwards. 

The operation of the new Control will affect the acquisition of 
factory and storage premises by private interests as well as by Govern- 
ment Departments. As the President of the Board of Trade 
announced in the House last week, the pressure on factory and storage 
space due to the expansion of the war effort makes it impossible to 
allow firms to transfer their activities to new premises which might 
be needed for essential purposes unless there are reasons of national 
importance to justify such a course. An Order is being issued to 
prevent unregulated movement by making transfers to new premises 
generally subject to the approval of the Control. This will also 
minimize the risk of a firm’s finding its new premises requisitioned as 
soon as it is installed in them. 

The Controller-General has given assurances that each application 
for leave to requisition or lease factory premises will be treated on its 
merits, and it will be possible for a firm engaged on work of national 
importance to obtain a permit within a few hours of being bombed 
out of existing premises. Owners of factories rendered redundant 
under the concentration of production scheme will be less likely to 
get permits quickly under such circumstances; on the other hand, 
owners of the nucleus factories will receive priority in accordance 
with the relative importance of their activities. 


Thermocontrol Installations Company, Ltd., have recently 
opened an office at 376, Bury New Road, Salford, 7 (Telephone No. 
Broughton 1084). The Engineer-in-Charge is Mr. E. H. Walker, 
working under the supervision of Mr. C. F. Ward and Dr. F. M. H. 
Taylor, Managing Director of the Company. This step has been 
occasioned by the expansion of automatic control instrument and 
instrument erection work for factories and industrial plant recently 
experienced in the North of England. 
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(Concluded from p. 183) 


Suppose, for example, that the leaders of the Gas Industry 
decided that the time was ripe to replace petrol by some form 
of manufactured gas. The position would immediately arise 
that certain undertakings would adopt this policy, and would 
erect the necessary charging and supply stations, while the great 
majority of undertakings, covering geographically the greater 
part of the country, would find themselves unable or unwilling 
to face the expenditure involved, and the success of the scheme 
would be gravely jeopardized because the owners of motor 
vehicles are not content to stay within the geographical limits 
of a particular gas undertaking. 

What should be the scope of the Gas Industry is a question 
which must be decided by reference to the possibilities that 
exist. These possibilities will be enlarged from time to time 
as new scientific discoveries are made, so that it would never 
be possible to visualize the full extent of the possibilities that lie 
open, though it will always be possible narrowly to circumscribe 
the scope of the Industry by taking a limited view of what 
should or should not be undertaken. 

The onward march of science in reducing the cost of raw 
materials, coupled with the discoveries that have been made 
since the war started, and by the research work of The Institution 
of Gas Engineers, may very well have revolutionized the process 
of gas production by the end of the war. It cannot be doubted 
that similar advances will be made in metallurgy which may 
considerably reduce the capital cost of the plant. It is not 
permitted at the present juncture to be more precise as to 
probable development, but already there are grounds for believ- 
ing that within less than ten years it will be possible to manu- 
facture town gas from coal by a total gasification process more 
cheaply than it can be made in present circumstances with coal 
at the same price. 

In these circumstances the Gas Industry will be compelled 
to change its scope altogether. It will no longer manufacture 
coke, and the solid smokeless fire will thus tend to disappear 
so far as the Gas Industry is concerned, although the coke 
that will still be required for the purpose will no doubt be 
supplied by the coke-oven industry and perhaps by low-tem- 
perature carbonization. It can be seen immediately what a 
vast change this would make in the organization of the Gas 
Industry as a whole. It can also be seen how difficult this 
change would be if it were confined to a few large undertakings, 
while all the smaller and medium-size undertakings, which 
could not produce gas sufficiently cheaply, continued to operate 
under the old conditions. If it is desirable to change to a total 
gasification process, that should be the considered policy of the 
whole Industry, and it is evident that a considered policy of this 
character could not be put into effect unless the Industry were 
under unified control. 

It cannot be expected, however, that there will be any sudden 
change over from the one type of gas manufacture to the other ; 
the money invested in plant will, of itself, be sufficient to prevent 
this. Once again, a unified Gas Industry would be able to 
make the change-over more easily and with less dislocation to 
business and the needs of the consumer than would an industry 
organized as at present. 

Whether the Gas Industry should ever cease to manufacture 
coke or not is a matter of very considerable moment. To-day 
gas and coke are complementary. In many circumstances, and 
in most districts, it is possible to provide the heat required for 
the total domestic requirements of houses or flats from gas and 
coke combined; in few districts is it possible successfully to 
employ the all-gas house. A complete change-over from the 
production of gas and coke to the production of gas hardly 
seems advisable unless (1) the cost of gas production is so 
cheapened that the all-gas house will become feasible throughout 
the country, or at least in the larger centres of population where 
the change-over would first be made, or (2) arrangements were 
made for the supply of coke from-an allied industry, as for 
example from the coke-oven industry. Unless these conditions 
were met the domestic load for the Gas Industry might be 
Seriously jeopardized. 

There would seem to be sound reason for some reciprocal 
arrangement between a unified Gas Industry and a unified coke 
industry whereby production and sale were correlated as between 
the two industries. 

In thus thinking aloud as to the possibilities of gas production 


GAS JOURNAL 


POST-WAR RECONSTRUCTION 


A GAS ENGINEER LOOKS FORWARD 





May 7, 1941 





it must not be forgotten that the gas industry is only one of the 
coal-using industries of the country, and it may well be that 
after the war a considered fuel policy will be brought into 
operation designed to utilize coal to the best advantage. It 
must not be forgotten that our reserves of coal are nothing like 
sO great as is commonly believed. It is customary to speak 
of the coal reserves of this country sufficient to last for 600 or 
800 years, and that conception gives us the comfortable feeling 
that long before any shortage of coal affects us as a nation, 
sources of power will have been discovered by science that are 
very different from those which we know to-day. The facts, 
however, are very different ; within less than 50 years most of 
the collieries being worked to-day will be abandoned because it 
will no longer pay to get the coal from them. Vast quantities 
of coal will be left behind in the ground, and this in itself will 
greatly reduce our effective coal reserves. As these pits are 
abandoned we shall have to mine at deeper levels and with, 
consequently, higher costs. Often, too, we shall have to mine 
inferior coal. This country is, therefore, faced, not with the 
exhaustion of coal reserves, but with having to utilize more 
expensive coal of inferior quality before other industrial nations 
have been driven to the same expedients. 

These facts, which are known to mining engineers, must 
encourage the development of a national policy in fuel utilization 
which will avoid waste and which will utilize all possible sources 
of natural power. Already we are utilizing some water power 
in this country, and it would seem that there are other sources 
of watér power which could also be used. The place of the 
Gas Industry in a fuel conservation policy would presumably 
be directed to utilizing various sources of gas as they exist in 
the country, and it may well be that to some extent the Gas 
Industry would have to modify its own policy to fall into line 
with a national policy. Again, this modification would be 
made more easily and would be planned to better effect and 
with less dislocation if the Gas Industry were a unified whole. 

It is against the national interest for coke-oven gas produced 
in the manufacture of coke for domestic purpose and for the 
general market to be used for boiler-firing or to be wasted, and 
its utilization might well be made the task of the Gas Industry. 
When the distance between the coke-oven plant and the nearest 
centres of population is so great that transmission would be 
impossible, it might then be advisable to consider such surplus 
coke-oven gas as an adiunct to the electrical industry and to 
set up an electric generating station based on gas engines. The 
Gas Traction Development Committee has estimated that 
considerable quantities of sewage gas would be available if 
proper plant were installed for the collection of this gas. Both 
at Birmingham and at the West Middlesex sewage works some 
3,000 b.h.p. are already being developed from sewage gas. But 
for the most part only a very small fraction of the supply avail- 
able is utilized. Generally, however, sewage gas is used to 
produce power on the sewage works, though a surplus is 
available for other purposes. Since sewage works are generally 
near gas-works or at least are near an area served by a gas 
undertaking, it would be quite possible for this gas to be sold 
to the gas undertaking and to be used for the enrichment of 
coal gas. It may well be that after the war this source of gas 
will be examined with more interest, and if there is a national 
fuel policy it may well be that the sale of sewage gas to gas 
undertakings will be compulsory. 

It has been estimated that some 2 million cu.ft. of natural 
gas a day is available. The quantity is thus not particularly 
large, and in view of the high C.V. of this gas it might well be 
utilized for other purposes, and particularly as a petrol substitute. 
Since the gas is generated under high pressure it seems probable 
that it could be transmitted to a town some distance away 
without incorporating power costs; in these circumstances 
natural gas might very well be utilized by the Gas Industry. 

In regard to sewage gas and methane from mines, and also 
perhaps in regard to natural gas, the probable method of 
utilization will be bound up with the use of liquid methane for 
the internal combustion engine. The writer is of the opinion 
that if not during the war, then after the war, the developments 
now being investigated will result in safe methods for the trans- 
ference and utilization of liquid methane for the aeroplane, and 
perhaps even for ground work. Experimental work carried 
out by Ricardo has shown that methane is an excellent fuel for 
the internal combustion engine, a compression ratio of 16: 1 
being possible when using this gas in an engine with spark 
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ignition. The conclusion that the writer would draw is that in 
fitting all these sources of gas into a national fuel economy a 
better case can generally be made out for utilization as a petrol 
substitute, especially in the light of future developments, than 
directly through the Gas Industry. 

This immediately brings up another important speculation. 
It is known generally that by suitably adjusting the development 
of the Lurgi process now under investigation by The Institution 
of Gas Engineers, a gas can be produced sufficiently high in 
methane to serve as the raw material for the production of 
liquid methane. The adoption of an improved system of 
producing liquid gases such as that opened out by the researches 
of Professor Kapitsa would immediately appear to bring liquid 
methane well within the price range of a petrol substitute. The 
work that is now in progress in this country has already achieved 
greater success than many are aware of, and those who will 
read between the lines of the following passage from a recently 
published book on methane by J. P. Lawrie will recognize that 
the possibilities here outlined are by no means foolish. 

“To liquefy the gas at its source calls for the use of special 
thermally insulated containers. The difficulty of evolving a 
container suitable for use on a road vehicle will be appreciated 
when it is remembered that methane boils at —161°C. and 
cannot exist in the liquid state under any pressure at temperatures 
above —82°C. This question is now being examined by 
Egerton, and it appears that if quantities of 2,000 gallons per 
day are liquefied the cost will be under 2d. per gallon. A 
pressure of 60 atmospheres has a specific gravity of 0°45, which 
is about half that of commercial petrol.” 

“Consideration of the question of storage in liquid form 
shows that 2,000,000 cu.ft. of gas need a gasholder 136 ft. high 
and 136 ft. in diameter. The equivalent amount of methane 
in liquid form could be stored in a container 20 ft. high by 15 ft. 
by 10 ft. Apart from the economy of storage space, it becomes 
a comparatively simple matter to protect such small containers 
from aerial attack in wartime. A precedent for the transport 
of a liquid gas is to be found in the fact that suitable containers 
have been devised and approved for liquid oxygen, and although 
liquid methane presents certain difficulties such as the fact that 
the ¢ontainer must in some way be kept open to the atmosphere 
to avoid pressures set up by the inflow of heat, there is small 
doubt that the difficulties will be overcome.” 

If, as seems very probable, aviation will use liquid methane 
as a fuel after the war, the possibility exists that a strong united 
Gas Industry might be the sole supplier of manufactured methane 
for this purpose. It will be open to the sewage disposal works 
(who would probably work through the Gas Industry in any 
event), to the natural gas wells, and to the coal industry to make 
their own arrangements to produce methane and to sell it for 
this purpose. The Gas Industry, however, could immensely 
increase the scope of its manufacturers and thereby cheapen 
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gas by producing liquid methane for the aviation and automobile 
industries, and by producing in the same plant gas for town 
purposes by total gasification, thereby also cheapening the 
production of gas through larger scale manufacture and bringing 
still nearer the conception of the all-gas house. 

A unified Gas Industry could almost certainly do a good deal 
more in the production of motor fuel than is being done to-day. 
The expense and capital outlay involved are considerable, but 
given proper official backing very much can be achieved. . 

What has already been said does not exhaust the possibilities 
of the Gas Industry. It will be recognized that in all these 
developments the process of gas manufacture in the future is 
seen as approximating more closely to the chemical industry 
than to the carbonizing industry. The way is thus opened for 
a still greater development in that same direction. If by treating 
coal during carbonization by hydrogen under pressure it is 
possible to produce methane, it would appear that research will 
soon show that it is also possible to produce the hydrocarbons 
of higher molecular weight. Developments in connexion with 
the utilization of petroleum gases have indicated that by cracking 
paraffin hydrocarbons they can be converted into unsaturated 
hydrocarbons. As soon as this has been done a vast develop- 
ment immediately becomes possible in that these unsaturated 
hydrocarbons can be made the starting-point for a vast range of 
synthetic organic compounds comprising almost the whole of 
the industrial organic compounds required. It is not here 
suggested that the Gas Industry would manufacture these 
products, but at least the manufacture of the intermediates 
might very well be undertaken. 

It will be seen that in these thoughts the writer foresees the 
possibility, to put it no higher, that the Gas Industry, by taking 
advantage of new discoveries in every branch of chemistry and 
physics, may be converted in the future into a vast chemical 
industry in which, in place of the present production of coke, 
tar, ammonia, and benzole as by-products there will be the 
production of gas and particularly of methane and higher 
hydrocarbons that will be used for a variety of purposes, many 
of which have only been touched upon here. The range of the 
by-products will thus be considerably extended, and in addition, 
sinee hydrogen is produced at the gas-works, the low-tempera- 
ture tar which will presumably be a by-product from the main 
process of gas production will also be converted into liquid 
products, and these again will be worked up in a variety of ways. 
The writer is firmly of the opinion, however, that the Gas 
Industry cannot take advantage of the possibilities open before 
it unless it becomes a unified business concern. It is true that 
the gates of the morning will stand open before us when night’s 
candles are burned out and it is true that the morning hour has 
gold in its mouth; but have we as an Industry the vision to 
grasp the possibilities that lie before us, and to sink our individual 
predilections in order that we may do so ? 


HOW FAR IS THE PROXIMATE ANALYSIS A 
RELIABLE GUIDE TO COAL BEHAVIOUR ?* 


By J. G. BENNETT, Director, British Coal Utilization Research Association 


(Concluded from p. 194) 


It will be obvious that for coals high in durain—that is, for 
“dull”? coals—the volatile content is likely to have quite a diffe- 
rent significance from that of bright coals of the same rank. 
Fusain, on the other hand, has a very much lower volatile 


* Paper to the Institute of Fuel, April 3. 


content than the associated vitrain. We are thus obliged to 
accept Seyler’s view that the proximate analysis is of little value as 
a guide to behaviour unless we know whether we are dealing with 
a bright or dull coal or with one high in fusain. Since British 
coals below about 20° volatile are nearly always bright coals, 
the uncertainties-arising from ignorance of the petrographic 
constitution are not important in this range. 





TABLE III.—CoKING PROPERTIES AND VOLATILE CONTENT. 


Vol. % Total number 

(Parr’s basis). of samples. I 

11-12 ue re ie 32 4 16 60° - 12 
12-13 a sxe ae 51 J 10 19.6% . 10 
13-14 5 _ ay 144 

14-15 fod ae ie 52 

15-18 a ae ose 9 

18 and over. ae ne 2 


Coking Class. 


3 t 5 6 


37-5°% = 4 12.5% . ; 
19.6% . 21 4t.2% . 10 19.6% 


on af 
‘ 49+9 0 
6 53.5%) 46 88.5% 
9 100°, 





Coxinc Ctass. 


The coal of size {th to ,,th was heated in a platinum crucible to 960°C. as in the B.S.I. volatile test, and the character of the residue noted. 
Classo ... particles quite discrete. 
I a few particles only cohere. 
= particles slightly coherent. 
a3 particles cohere but are visible. 
» 4 particles cohere and a dendritic or tree-like formation due to swelling takes place. 
» S no dendritic formation; particles cohere but still visible on the surface. 
re, no dendritic formation; particles no longer visible on the surface. 
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BAND CONSTRUCTED FROM DATA S 
SUPPLIED FOR S:WALES COAL BY 
Dr. IDRIS JONES. 


X BRITISH COAL. '° 
® W. YORKSHIRE." 


® S.DERBY.? 


© INDIAN COAL."* 
© CANADIAN COAL" 


RS. AGGLUTINATING VALUE. 
Fic. 6.—Relation of Agglutinating Value to Volatiles. 


TABLE IV.—VOoLATILE DISPLACEMENT OF DURAIN. 


: Ultimate analysis. Volatile Volatile Volatile 
Sample se as tale. from displace- 
No. Hydrogen. Carbon. measured. qn. (1). ment (v. 


4.32 ; 90.52 19.87 ; ie, : 2.13 
-94 ; 88.47 . 30.70 ; 26.86 . 3.84 
-95 . 86.59. 32.33 . 29.42 . 2.91 
-43 ‘ 86.83 : 38.17 : 34.09 .08 
-t9 . 82.94 . 30.96 25.54 3 5.42 
oI : 88.80 : 32.68 ; 27.20 ‘ 5.48 
39 ; 86.52 ‘ 39.63 : 34.06 5.57 
31 ; 81.93 . 34.24 : 28. , 5.08 
56 : 84.45 ; 34.20 ; 27. ‘ -39 
02 : 84.40 ; 39.40 3 32.75 ; .65 
98 ‘ 82.00 = 43.08 . 35.5 ; Be | 
.61 : 86.07 : 45.31 5‘ 36.9: ; .38 
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A second disturbing factor is the weathering or oxidation of 


the coal. It is well known that the coking properties of coal 
are completely changed when it is exposed to prolonged oxidation. 
This is particularly the case when coals are slightly heated, as, 
for example, in a ship’s hold. 

Dr. Seyler has kindly sent me data for two coals showing how 
the volatile content and the coking properties change on 
oxidation. 

It will be seen that the two coals, though strongly coking by 
the Woodall-Duckham test when freshly mined, completely lost 
all coking powers after 100 hours’ oxidation at 100°C. There 
was a certain change in the volatile content, but quite insufficient 
to predict that the coals would not make a cohesive coke. This 
is, of course, an extreme case, but the effect is very noticeable 
in ordinary commercial practice. The difference can be observed 
not only when coals are weathered by prolonged exposure on 
the surface, but also in comparing coals mined near the outcrop 


with those from deeper portions of the same seam. For 
example, a certain Northumberland coal mined near the out- 
crop proves to be entirely satisfactory in small underfeed stokers, 
whereas a coal from the same seam mined from a shaft only a 
few miles away is unsatisfactory. 

I do not think that I can state the conclusions which I wish 
you to draw from the data I have put before you better than a 
recent letter from Seyler, who says: 


‘**My general conclusion is that up to about 26% volatile 
matter, a fairly good general correlation with the properties 
can ,be made from the volatile matter provided the coal is 
a bright unoxidized one, a fact which is not revealed by the 
volatile determination alone, but is by the complete analysis. 

“Beyond about 26% the volatile matter alone appears 
to me to be of very little value for accurate prediction of 
the properties. From the complete analysis (elementary 
volatile and calorific value) and petrological analysis a 
fairly good prediction can usually be made. 

**Since, however, the conditions of the practical utilization 
of coal vary so enormously it appears necessary to supple- 
ment analytical methods by ad hoc laboratory tests appro- 
priate to the actual conditions of practice.” 


The proximate analysis is a survival of the days of hand-firing. 
For the selection of coals for this purpose it is quite adequate, 
but it is essentially inappropriate for the purposes of mechanical 
firing. Various attempts have been made to supplement it by 
special tests developed by the carbonization industries for their 
own needs. There are really no tests of the suitability of coals 
for mechanical stoking except actual trial in a boiler or furnace. 


TABLE V.—VoLATILE AUGMENTATION IN OXIDIZED COALS. 


V.M. Ash 


(dry) (dry) 
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The result is that the makers of mechanical firing equipment are 
very largely dependent on the specialized experience of their own 
combustion engineers to help their clients in the selection of 
plant and fuels. Small underfeed stokers already tax to the 
limit the knowledge and experience of engineers, and no one 
would seriously think of relying on proximate analysis to decide 
whether a given coal was suitable for such stokers or not. The 
same to a great extent applies to the large multiple-retort stokers 
used to fire some of the most important power station boilers 
in this country. These and similar appliances which represent 
the endeavour to attain the maximum possible efficiency and 
output from heat utilizing plant make it increasingly necessary 
to know more about coals than the proximate analysis can tell 
us. 
If I may try to put in a few words the conclusion which 
appears to me to emerge from the examination we have been 
making, I would say that we have in recent years put a great 
deal of work into the improvement of analytical methods without 
asking ourselves enough about the interpretation of the results. 
This applies with special force to the proximate analysis, and 
we ought to turn our attention in the future to the development 
of small-scale combustion tests which will permit a rational 
classification of fuels in terms of their actual performance. 
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MEASUREMENT OF LOW VALUES ”" 


OF ILLUMINATION* 


N many problems of lighting under present-day conditions 

it is necessary to measure values of illumination which are 

not so conveniently expressed in foot-candles as in milli- 
foot candles, and a need has therefore arisen for instruments 
capable of measuring these very low values. In different 
sections of the Lighting (Restrictions) Order, 1940, mention is 
made of the following maximum values of illumination per- 
missible for certain purposes: 

0001 ft.c. at ground level outside a public vehicle (§25c). 

0:002 ft.c. for railway stations, docks, &c. (§§45e, etc.). 

0:1 ft.c. on the seats of a public service vehicle (§25b). 

0:02 ft.c. and 0:2 ft.c. are also values which may be permitted. 

In certain circumstances, if it is desired only to test for com- 
pliance with the Regulations, clearly all that is necessary is an 
illumination gauge, analogous to the “‘not-go”’ gauge of the 
mechanical engineer, which will give a clear indication whenever 
a specified value of illumination is exceeded. For experimental 
purposes, or for design, however, it is necessary to have some- 
thing more than this, and an instrument by means of which the 
actual value of the illumination can be measured to a satisfactory 
degree of accuracy must be provided. 

Not only values of illumination, but also certain limiting 
values of brightness are specified in the Lighting (Restrictions) 
Order—viz., , 

0:02 e.f.c. for shop signs (§40), 

0:5 c./sq.ft. for refuge lamps (§6d), 
and in B.S./A.R.P. 32 it is specified that the brightness of an 
illuminated A.R.P. ‘sign shall be between 0:04 and 0°1 e.f.c. 
A gauge, or a measuring instrument for brightness, or both, is 
therefore needed too. 

Some of the more outstanding difficulties inherent in making 
measurements of this kind, and details of the design and use of 
instruments at present available for the purpose, are dealt with 
in the following paragraphs. 


Difficulties 


The difficulties are twofold. There is first the fact that the 
precision of any visual photometric measurement depends on 
the minimum contrast which the eye can just detect and, as it is 
impossible by any optical means to increase the brightness of a 
surface, it follows that the lower the illumination to be measured 
the less will be the precision attainable even under the best 
conditions. 

Then there is the difficulty due to a possible difference in 
colour between the illumination to be measured and the light 
provided by the comparison source within the instrument. In 
this connexion it is well to remember that, owing to the fact 
that the eye is very insensitive to colour at low values of bright- 
ness, one can easily live in a fool’s paradise. The well-known 
Purkinje effect that, as the brightness viewed diminishes, light 
of shorter wave-lengths (at the blue end of the spectrum) is 
weighted more and more in comparison with light at the other 


* Paper at a meeting of the Illuminating Engineering Society, April 8. 
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end of the spectrum, does not cease just because the eye can no 
longer detect a colour-difference. As longas the lights compared 
differ in their spectral composition, so long must the Purkinje 
effect be taken into consideration. 


Contrast Sensitivity 


The minimum difference of brightness which the eye can just 
detect is, fortunately, fairly well known for a wide range of 
values of brightness, at any rate for white light. While a contrast 
of about 1% is detectable under ordinary conditions, when the 
brightness falls to 0°01 foot-lambert* this percentage rises to 
about 4, while at 0:001 foot-lambert it is probably as high as 10. 
Since no one, probably, would claim to be able to make settings 
on an illuminometer under normal conditions closer than about 
2%, it must be concluded that 20% represents about the best 
that can be expected of a skilled observer when the illumination 
on the test plate is 0°001 ft.c., and no doubt for an unskilled or 
semi-skilled observer the performance would not be as good as 
this. 

The onset of the Purkinje effect from a brightness of about 
half a foot-lambert downwards makes it necessary to re-define, 
or to define more precisely, the meaning of values of illumination 
or brightness measured with an ordinary illuminometer or 
brightness gauge when these values are very low. It might, for 
instance, be agreed that all values should be expressed as frac- 
tions (obtained by some mechanical means such as a sector 
disc or a neutral filter) of some brightness well above the limit 


‘ mentioned above. In this case a surface illuminated by'a source 


of blue light of intensity 0-4 candle would be said to have an 
illumination of 0°001 ft.c. if placed at a distance of 20 ft. from 
the source, and the same would be true if the source provided 
white light or red light or light of any colour whatsoever. Un- 
fortunately a normal observer, if he were able to compare these 
different illuminations visually, would adjudge them to be far 
from equal. He would say unhesitatingly that the illumination 
by the blue light was higher than that under the white light, and 
that both were much higher than when the light was red. In 
other words, the system of measurement would fail to give 
results even roughly in agreement with visual impression. 

The alternative is to base the scale of meastirement on 
mechanical sub-division of a high illumination by light of one 
agreed colour and to assess values for all other colours by visual 
comparison with this. Clearly the results so obtained will agree 
with the judgment of “the man in the street,” and a system of 
this kind has now been adopted for such practical matters as the 
measurement of the brightness of fluorescent and phosphorescent 
paints. The agreed colour in which the scale is set up is that of 
the light given by a tungsten filament vacuum lamp (colour 
temperature 2360°K). In most illuminometers the comparison 
lamp inside the instrument gives light of this colour quite closely 





* The foot-lambert is the unit sometimes referred to as the equivalent foot- 
candle—i.e., the brightness of a perfectly diffusing surface of 100% reflection 
factor when the illumination of the surface is 1 ft.c. 














































































































































































































































































































































































































































































































232 





enough for all practical purposes. It follows, then, that the 
illumination of a surface by coloured light should be measured 
by means of an illuminometer used in the ordinary way, no 
attempt being madé to “correct” the colour of the test light 
by interposing a compensating colour-filter between it and the 
instrument. 

It must, of course, be realized that on this system one cannot 
apply the inverse square law to the calculation of illumination 
in the: case of coloured light. For instance, if a certain blue 
lamp gives an illumination of 1 ft.c. at a distance of 5 ft., the 
illumination at a distance of 50 ft. will not be 0:01 ft.c., but 
something considerably greater. For a red lamp of the same 
candle-power, on the other hand, the illumination at 50 ft. will 
be considerably less than 0°01 ft.c. To avoid the confusion 
that might arise from this sort of result, illumination measured 
in this way may be termed “‘apparent illumination” if the light 
is coloured, just as brightness so measured is termed ‘“‘apparent 
brightness.””> From what has just been stated it follows that if 
two surfaces have equal apparent illuminations by light of 
different colours, then if both illuminations are increased or 
decreased in the same ratio by mechanical means, the resulting 
apparent illuminations are no longer equal in the region over 
which the Purkinje effect is operative. 

There is one further matter that must be mentioned in con- 
nexion with the measurement of apparent illumination or 
apparent brightness. This is the fact that the Purkinje effect is 
absent, or, at any rate, unnoticeable, when the angular size of the 
surface viewed is small. For this reason it is recommended 
that when measurements of illumination or of brightness are 
being made, the size of the field of view should be at least 
5° under normal conditions of use. The form of field 
in which the two parts are side by side is generally preferable 
to the concentric type; if the latter is used the diameter of the 
central area should be at least 3°. 


Illumination Gauges 


Several types of instruments have been devised to enable low 
values of apparent illumination to be gauged. One form depends 
on the use of a self-luminous radio-active compound to illuminate 
the comparison surface. This instrument has already been 
demonstrated to the Society,* and a description of it as com- 
mercially available has recently appeared.t It does not seem 
necessary, therefore, to give a detailed description of it here. 
The other commercial form of gauge is, in essence, an illumina- 
tion photometer with provision for fixing the controlling handle 
at one or more positions corresponding to the values of illumina- 
tion to be gauged. This instrument, too, has been demonstrated 
to the Society and described in Light and Lighting. 

Both of these instruments have been designed to comply with 
the Specification B.S./A.R.P. 30 of September, 1940, in which 
the various matters mentioned earlier in this paper have been 
taken into consideration.§ For instance, a lower limit is 
placed on the brightness of the field of view. This is clearly 
desirable on account of the rapid reduction of contrast sensi- 
tivity with brightness. Linked with this is the requirement in 
the specification that if there is an eyepiece in the instrument 
the aperture shall have a diameter of at least 7 mm. This is 
important, because the brightness of the image on the retina is 
reduced by any stop which is smaller than the natural pupil, 
and it is, of course, this brightness that controls the contrast 
sensitivity. It is therefore useless to demand a certain brightness 
for the field of view and then to allow this to be reduced by the 
introduction of a stop in the eyepiece. An appendix to the 
specification gives some useful hints on the use of gauges for 
checking low values of illumination, and draws particular 
attention to the need for thorough dark-adaptation of the 
observer. 


Illuminometers for Low Illumination 


Instruments intended for measuring very low values of 
illumination do not generally differ in their essentials from other 
types of illuminometer to which the illuminating engineer is 
accustomed; in fact, the need for a specification for such instru- 
ments has been met by quite brief additions to the ordinary 
Specification for Portable Photometers (230—1935). The new 
range introduced is 0.0005 to 0.3 ft.c., and the corresponding 
limit of error laid down is 20%, plus 0.0001 ft.c. Otherwise 
there is little change, but, of course, the various considera- 
tions mentioned earlier in this Paper must be borne in mind. 

There is one important difference between an illumination 





* Light and Lighting, Nov., 1939, p. 231. 

+ Ibid., Dec., 1939, p. 232, and Jan., 1941, p. 3. 

¢ Dec., 1939, Pp. 231. 

§ Light and Lighting, Feb., 1940, p. 22, and Nov., 1940, p. 186. 
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gauge and an illuminometer (quite apart from the fact that the 
former is for use at definite values only), and it is a difference 
that is not always clearly understood. With an illuminometer 
the observer can change the illumination of the comparison 
surface fairly rapidly, and the usual practice is to go out of 
balance, first on one side and then on the other, two or three 
times in succession, finally making a setting which is roughly 
mid-way between the two just-out-of-balance positions. The 
result should be a setting which is considerably closer to the true 
value than the percentage contrast which the eye can detect. 
To illustrate this point it may be recalled that the best the eye 
can do in the detection of contrast is about 1%, yet visual 
photometry to an accuracy of a quarter, or even one-tenth, of 
this is by no means impossible on the photometer bench. 

With a gauge, on the other hand, it is only possible to judge 
when the illumination is greater or less than the value to which 
the gauge is set, by an amount equal to the minimum contrast 
just detectable under the existing brightness conditions. Thus, 
for example, if the gauge is set to 0.02 ft.c., and the brightness 
of the field of view is the minimum permissible in BS/ARP 30 
(say, 0.0002 foot-lambert), so that the contrast sensitivity of the 
eye is probably about 25 %, the field of view will go out of balance 
at 0.02 + 0.005 ft.c. if the setting of the gauge itself is perfectly 
accurate. In other words, the value checked by the instrument 
when used as a “‘not-go”’ gauge is 0.025 ft.c. and not 0.02 ft.c. 


Brightness Gauges 


As mentioned at the beginning of this paper, there is a need 
for an instrument capable of checking various low values of 
brightness, and it is clear that, as in the case of ordinary values 
of brightness, instruments suitable for measuring illumination 
can, in most cases, be used for measurement of brightness. 
Both the types of illumination gauge referred to earlier in this 
Paper can, in fact, be used to gauge brightness, but in some 
cases this is inconvenient on account of the inaccessibility or 
small angular dimensions of the surface to be gauged, its marked 
coloration, or some other reason. In consequence, a specifi- 
cation has recently been issued (BS/ARP 52, Dec., 1940) for a 
portable piece of apparatus which provides a standard of 
comparison by which to judge the brightness of any sign, refuge 
lamp, etc.* The values to which the standard can be set are 
to be 0.02, 0.04, 0.1, and 0.5 foot-lambert, and in an appendix 
to the specification a description is given of a piece of apparatus 
capable of fulfilling the requirements. It consists, in essence, 
of a box containing a lamp fed from a portable battery, one side 
of the box having a white translucent window, the brightness 
of which is adjusted to the required value by means of a resistance 
in series with the lamp. Red or blue screens can be placed 
over the window when the surface to be gauged is coloured. 
It is emphasized that the values to be gauged are values of apparent 
brightness. 

A special problem in brightness measurement which has 
recently come into prominence is that met with in studying the 
performance of luminescent materials. In the specification 
for these materials (BS/ARP 18)? it is laid down that the bright- 
ness under stimulation shall be not less than 0.1 or 0.01 foot- 
lambert (depending on the class of material), and after a stated 
time in the dark the brightness shall be at least 0.0001 foot- 
lambert. In all cases it is apparent brightness that is specified, 
and the importance of this will be clear when it is remembered 
that the light given by a luminescent material may be of almost 
any colour whatsoever. A form of brightness gauge suitable 
for this particular class of work has been devised and is described 
in. the specification. It is an “‘open-view” type of instrument; 
there is no eyepiece, and both eyes are used when making the 
observations. No colour filters are used, and the observer 
has to make his judgment in the only way possible when 
measuring apparent brightness—viz., without regard to colour. 
At the lower values, of course, the disturbing effect of colour 
difference becomes much less as the eye becomes more and more 
insensitive to colour. 

From what has been described above it will be seen that 
present-day conditions have presented the photometric labora- 
tory with new problems. Strictly, of course, the problems are 
not new, but their existence, although realized, has been largely 
ignored because they have not hitherto entered into ordinary 
photometric practice. The necessity for measuring apparent 
brightness, rather than brightness based on a physical scale, is 
perhaps the most striking of these new developments. To those 
who began to think that no further progress could be looked for, 
at any rate in visual photometry, the present situation comes 
as a challenge and a welcome stimulus. 


* Ibid., Nov., 1940, p. 185. 
+ Ibid., Jan., 1941, p. 10. 
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RESEARCH AND THE COKING INDUSTRY* 
By E. W. SMITH, C.B.E., D.Sc. 


N spite of the large amount of accumulated experience of 

the coking industry made availat ie to my associates through 

their wide contacts, one realizes more and more that there 
is no “royal way”’ to success and advancement—there are no 
“fairy wands.” Improvements come by attention to detail, 
— and theoretical, and by healthy sweat, physical and 
mental. 

Of all industries, the carbonizing industries must depend on 
evolutionary development of design and operation. Revolu- 
tionary and sudden changes, however good, would not be 
economic, and although the inspired output of the genius should 
not be overlooked, the solid precision of the daily round is 
likely to be more fruitful of results. In my opinion the greatest 
and quickest advances will be made by thoroughly digesting 
and assimilating co-ordinated current experiences. 

To-day it is fashionable in all parts of industry to encourage 
the prosecution of research. The last forty years have seen a 
revolution in the attitude of the industrialist to research as now 
understood, and nowhere more so than in the coking industry. 
It is highly creditable, but much still requires to be done in 
connexion with the administration, the initiation, and organiza- 
tion of research generally. Research is too often controlled in 
an amateurish and inefficient way—it is too often the toy of an 
otherwise successful undertaking. 

Before we can pursue the subject of research and the coking 
industry, it is advisable that there should be an understanding 
between us of the meaning of certain terms in common use. 

The very term “‘research” is loosely used. Broadly speaking, 
| understand research as being the study and co-ordination of 
facts and phenomena in order that such study may lead to the 
elucidation of problems, the development of processes, the 
reproducibility of results, and the establishment of basic data. 
I understand “‘Academic Research” as that branch of research 
divorced from the immediate problems of industry, and usually 
carried out in the laboratory of a university or similar institution. 
Another stock but useful term is that of ‘‘fundamental research.” 
Of course, all research should be “‘fundamental.”’ If we assume 
that all study of basic data on which all other research depends 
is fundamental research, we have a useful distinction. Such 
research may be academic or otherwise. Research is really 
seeking facts and their accurate co-ordination. 

We are all vitally interested in “‘seeking the facts’ of the 
coking industry, and accurately co-ordinating them. But do 
not let us delude ourselves with the idea that research is contined 
to the trained chemists, the physicists, and the engineers. Each 
of these must have a starting-off point, a datum line. He should 
know the directions in which to work, and the order of import- 
ance of the various alternatives if his primary objective is to 
upgrade the economic status of the industry in which he is 
engaged. While it might be of great academic and scientific 
interest to isolate some small quantities of an otherwise unrecog- 
nized substance from a particular fraction of tar, it is of little 
value to the coke oven industry if the demand for such a product 
is negligible, or its cost of isolation is prohibitive. It is essential, 
therefore, if research is to be efficiently applied on the technical 
side of the industry, that there should already be in being a 
system of thorough market research. 

The nature of the research that is undertaken, apart possibly 
from those matters associated with immediate operational 
problems, depends on “‘policy.”” There are many directions in 
which research in the processing of coal could proceed, but the 
risks entailed under a system of open competition, against a 
number of vested interests, are frequently too great. To reap 
the benefit of research in these directions demands stable 
markets, which can only be assured when the requirements of 
the nation, both at home and for export, are known. Even then 
some form of close co-operation is required within the industry, 
and the necessity for a national fuel policy of fuel utilization 
becomes urgent. 

I should like to say a great deal more on this last point, but 
it is rather outside my subject. In passing, I feel that there is 
no more important subject, apart from winning the war, before 
us to-day. We must have a comprehensive fuel policy, but 
no policy can be effectively carried out which does not carry 
with it the necessity for regulating the activities of each of the 
component parts of the fuel industries. The sooner we adapt 


* From an Address delivered at Sheffield on April 30 before a joint meeting of 
the Institute of Fuel and the Coke Oven Managers’ Association (Midland Section). 





ourselves to the trend of the times, brought about by necessity, 
the better it will be for all. The individual to-day demands 
economic security. Industries demand the same. Subject to 
the individual and industry guaranteeing a square deal to the 
community, I would ensure them each security. 

The coking industry up to quite recent times existed for the 
primary purpose of utilizing slacks for which there was not a 
ready and adequate sale. This coke was largely used in the 
steel industry, and during the last twenty years the development 
of coking has been in the direction of the steel industry having 
its own coke ovens. At the present time about 50% of the coal 
used in the coking industry is carbonized at collieries, where 
the coal is mined, and the remainder is carbonized on steel- 
works close to the blast furnaces where the coke is to be used. 
It has been demonstrated that there are definite economic advan- 
tages in this tendency. The steelworks are able to buy suitable 
coals or produce blends of coals which enable them to use a 
coke which is more suitable for their purpose, largely due to the 
possibility of maintaining a consistent quality whatever that 
quality may be. 

Another advantage is that un@er such an arrangement the 
outlet for coke oven gas is easier. This use of coke oven gas 
in the steel industry has brought about, with advantage, many 
important changes in the technique of steel production and 
treatment. Again, by putting the coke ovens at the steelworks, 
it is possible to utilize surplus blast furnace gas for heating the 
ovens, which releases further coke oven gas for industrial 
purposes. 

The coke oven industry can therefore be looked on as being 
divided into two parts—that part attached to the collieries, and 
that part attached to the steelworks. No longer is coking 
confined to the treatment of slacks owing to the production of 
slacks being inadequate. Nevertheless, coking is still a funda- 
mental part of the activities of the coal industry, and cannot 
be dissociated from it. It is one form of processing coal, and 
the coal industry is vitally interested in exploring any other means 
of processing or improved means of processing which will be 
of advantage to the industry. 

During the last twenty years or so the process of carboniza- 
tion of coal in the coking industry has made enormous strides. 
By-product coking is now fully established, and is of a very 
high technical order. But finality, of course, has not been 
reached. We owe this development to German, American, and 
British technique. There has been a very happy collaboration 
among all these countries, and Great Britain has not lagged 
behind, particularly in bringing about improvements in technique. 

If we consider the coking industry as an industry which 
primarily exists for the purpose of developing methods for the 
processing of coal, we find that the amount of research work 
that has been done in this country is much greater than one 
might be led to suppose. A great step forward took place in 
the creation of the Department of Scientific and Industrial 
Research which, in its turn, brought about the establishment of 
the Fuel Research Board. The chief contribution that has been 
made by the latter is in the initiation of the Coal Survey. It 
should be a sine qua non that no research on the use of any raw 
material should be initiated until there is a thorough knowledge 
of the raw materials available. The work of the Fuel Research 
Board in this respect has proved invaluable. They have also 
acted as a co-ordinating influence and a focus for the work of 
many other workers. 

Under the Department of Scientific and Industrial Research 
there were instituted facilities for the creation of research 
associations which might be attached to individual industries. 
One must not overlook the fact that there exist such bodies as | 
the National Benzole Association, the Sulphate of Ammonia 
Federation, and the British Road Tar Association. These are 
all vitally concerned with the progress of the coking industry. 
They have all done very good work, but in my opinion, from a 
national point of view, and from an industry point of view, 
greater co-ordination of all these bodies from the point of view 
of research would be of considerable advantage. 

During recent times there was brought into being the British 
Coal Utilization Research Association, which is doing very good 
work, but prior to that Coke Research Committees were set up 
under the auspices of the British Iron and Steel Federation. 
These committees are supported by individual firms, and by 
grants from the Department of Scientific and Industrial Research, 
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and are staffed by experts attached to one or other of the Uni- 
versities. Much good work has been done in this connexion. 
Then there is the research work that has been carried out by 
individual firms, both in the steel and the coal industry. 

The present position of the technique of the industry to-day is 
largely due to the work of these various bodies. I am, however, 
strongly of the opinion that these evolutionary processes in the 
development of research for this important national industry 
are too much controlled by chance and the law of graduality. 
The organization of research is not sufficiently comprehensive, 
and not sufficiently systematized for the industry as a whole. 
The organization that is required would necessitate the expen- 
diture of large funds, and I am confident that no great advance 
will be made in the near future unless the whole subject is handled 
in a comprehensive way. In the first instance, we require a 
research on ‘‘What is Research, and what can be done?”’ I have 
no sympathy whatever with those who say “There is a war on; 
our first duty is to prosecute the war, and let everything else 
go.” Lentirely agree that if, in giving thought to these matters, 
or in bringing about a reorientation of industry and research, 
the war effort is caused to suffer, in however small a degree, no 
such development should be mooted, but I fail to see that there 
is any risk of interference with the war effort by putting 
our house in order in ways which will assist this country and 
the Empire very materially during the coming strenuous times 
of peace. It is essential to the future of the world that Great 
Britain and the Empire should be economically strong. With- 
out such an effort the assistance we could give is going to be 
that much reduced. The Government has given a very strong 
lead in this direction. 

There are few of us to-day who are satisfied with the organiza- 
tion of the industry as it has existed up to date. Laissez faire 
methods should no longer be tolerated. Industry should exist 
for the national good, and not primarily for the good of the 
individual engaged in it. At the same time enterprise and 
individualism must be maintained, and I can see nothing 
conflicting in that proposition. It ought not to be possible for 
a piece of research which develops into an advance in technique 
to have the effect of putting other businesses into liquidation, 
nor ought it to be possible that by opening new pits with 
better classes of coal, locally situated to greater advantage, 
they should have the effect of crippling other organizations. 
At the same time the industry must not tolerate inefficiency 
or inefficiently economic industry. What is wanted in the 
coal and the coking industries is systematic and comprehensive 
planning. These are not peculiar to these industries, but some 
other industries are leading the way, notably the chemical and 
the steel industries. 

Unless some such comprehensible co-ordination is instituted, 
then the prospect for really comprehensive research is not very 
bright. To-day we are nibbling at the subject. 

This country has given a lead on academic research. Indus- 
trialists are always ready to adopt new and proved processes, 
but it has been largely left to other countries to take the risk of 
translating academic work through the stage of semi-scale 
trials toa proved process. Without the comprehensive organiza- 
tion of the industry it is not practicable to propose that such an 
organization as I have in mind should be brought into being. 
This is a matter for the leaders of industry rather than for the 
technicians, but the technicians can hold up the torch and can 
indicate the way. 

But let us consider for a moment from past experience. 
What are the defects that have shown themselves in the organiza- 
tion of research with special reference to the requirements of 
the coking industry? One would say that there is a lack of 
co-ordination. There is not sufficient sinking of self-interest; 
too many people attend meetings of research committees with a 
view to seeing what they can learn, rather than determining 
what they can contribute. There are many noted exceptions 
to this. 

The Research Association is a nucleus of an idea which ought 
to be developed. One of the weaknesses of most research com- 
mittees is that the chemists and other technicians who are in 
charge of the actual research work are not sufficiently in touch 
with the operations of the industry, and out of the nature of their 
work cannot get in touch with the industry. This defect ought 
to be overcome through the personnel of the research committees, 
and to some extent it is, but unfortunately the two sides do not 
talk the same language, nor think in the same terms. This is 
not the fault of either side. While the work that has been done 
is confined to determining methods of tests or a study of the 
fundamentals and reactions, &c., no harm is done, but imme- 
diately these realms are left, then research work, particularly 
large scale work, is subject to serious defects, and less effective 
than it might be. If research workers are to be effective, they 
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must know thoroughly the 
working. 

Another defect is that there is a considerable amount of dupli- 
cation. No research association in my view should exist 
without a very complete organization for the study of patent 
literature, and the technical literature covering the research 
work that is being carried out by other organizations, and in 
other parts of the world. Very rarely when research workers 
are delegated to carry out particularized pieces of work do they 
present to their committees a comprehensive survey of the study 
of the art prior to the commencement of the work. To my 
mind this is fundamental, and the unused wealth that exists 
from the research point of view in the literature of the world is 
much greater than one might be led to suppose. 

Again, the defect that exists too often is that of narrow- 
mindedness. The day has long passed when technical develop- 
ment and research work should be kept secret from one’s 
associates. Secrecy often indicates weakness, and the fear of 
error. A good technician does not fear being wrong. He 
should be given confidence, not only to bring about successes, 
but to make mistakes, and he should feel that he will not be 
damned if he makes mistakes. 

I am of the opinion, too, that the Director of Research, 
appointed by a Research Association, should not incorporate 
in his duties anything relating to the political side of his organiza- 
tion. That should be handled by his Chairman, who prefer- 
ably has no financial interest in any of the undertakings 
subscribing to the research association. The Chairman should be 
a man of high national standing, of undisputed technical ability. 
He would not necessarily be a full-time chairman. 

It may be heresy to say so, but I feel that one of the defects 
of the Fuel Research Board is that it is attached to a Govern- 
ment Department, and is not sufficiently divorced from the 
Parliamentary machine. 

In passing, it may be worth while noting the conditions that 
exist in Germany in connexion with the organization of research. 
On the academic side there are the Kaiser Wilhelm Institutes at 
Mulheim/Ruhr, Breslau, and Berlin. These are well endowed 
and strongly supported financially through the Kaiser Wilhelm 
Society in which the German Ministry of Education, industry, 
banks, and private persons participate. A notable outcome of 
the work at the Mulheim Institute is the Fischer Tropsch pro- 
cess. There does not appear to be any analogous organization 
in this country. 

On the industrial side, extensive industrial research is favoured 
by the characteristic industrial associations, such as the Coal 
Syndicates, Iron and Steel Federation, &c., and large units into 
which the operating companies, such as I.G. Farbenindustrie, 
Krupps, Vereinigte Stahlwerke, Gutthoffmungsthutte, &c., and 
the constructional Companies of Metallgesellschaft (Lurgi) 
A.E.G., &c., are grouped. 

As in Great Britain, the German coking industry is controlled 
largely by the coal industry and the steel industry. Many 
industrial units are common to both industries owing to the 
vertical grouping of the two industries. 

The German coal industry supports research in several 
directions. It supplies the finance for the German State Coal 
Council, which among other things carries out research on basic 
questions concerning the industry and directs the general trend 
of coal research. It forms the regional coal syndicates which 
carry on research on a large scale into the qualities of various 
coals, and their utilization in the most efficacious way, to expand 
the use of bituminous coal. Processing by way of carboniza- 
tion is investigated. Through the Ruhr-Chemie Company, 
which is a merger of the chemical and by-product interests of 
the Ruhr Coal Syndicate, the latter interests have a powerful 
organization for developing the use of by-products and gas. 
This undertaking took over the commercial development of the 
Fischer-Tropsch process. 

It is interesting to note that in Germany before the war 
scientific research was fostered by direct exemptions and reliefs 
from taxes in favour of research workers and establishments 
and by privileges for those financing research. Expenses 
incurred in earning, maintaining, and securing income could be 
deducted. If, in doing so, a loss resulted, such loss could be 
set against the income of the industrial company which owned 
the research establishment or against the incomes of the indivi- 
duals who maintained the establishment. Expenses paid by 
an industrial concern for research carried out on their behalf 
by a research organization not owned by them could be treated 
as a business expense, and taken into account when computing 
its net taxable profit. It will be seen from these notes on the 
position in Germany that we have little useful to learn that can 
be applied with advantage in this country. 

I have not mentioned yet the important development that has 
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jaken place in recent times in the Gas Industry in the formation 
of the Gas Research Board. This is at present in a relatively 
embryo stage. The war has interfered with its natural develop- 
ment. It is significant, however, that just as The Institution 
of Gas Engineers now admits qualified technical men connected 
with contracting firms, so the Gas Research Board is open to all 
those who are interested in the subject of the production of gas, 
and are accepted by the Board for membership. This means 
that contracting firms can be members, and that anyone, even 
in the coking industry who is interested in gas production, is 
eligible for membership. . 

It is a matter for serious consideration as to whether it would 
not be an advantage for the coking industry to utilize to the full 
and collaborate with the Gas Research Board. 

Might I venture to suggest that the time has come when the 
coking industry might appoint a small committee to prepare a 
scheme for the comprehensive organization of research for the 
industry as a whole, bearing in mind the facilities that already 
exist through the British Coal Utilization Research Association, 
the Gas Research Board, and the other bodies I have previously 
mentioned. Their chief function would be to determine the 
extent to which co-ordination could be brought about. Funda- 
mentally there is nothing to prevent the British Coal Utilization 
Research Association undertaking work for the coking industry 
in connexion with the processing of coal. That is at the same 
time one of the primary functions of the Gas Research Board, 
and such overlapping should be prevented. I do not mean for 
one minute that there should be any restriction on either body, 
but co-ordination should be possible. 


Pitch Burners 


A patent (No. 533,787; application date, Aug. 18, 1939) taken out 
by the Gas Light & Coke Company, W. G. Adam, and P. Gray, 
relates to burners suitable for use with liquid fuel which requires to be 
in a heated condition before its passage through the nozzle of the burner, 
The invention is particularly directed to a burner suitable for use 
with fuel such as pitch, which under atmospheric temperatures is solid 
or viscous, and only becomes liquid at a raised temperature. 

According to the nature of the fuel employed, the flame from the 
burner will sweep upwardly at different distances from the burner 
nozzle, and it is therefore desirable that the burner may be swung in 


an up and down direction. It is also desirable that the burner 
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should be adjustable about an axis transverse to the axis of swinging 
referred to above. 

According to the invention, a burner for liquid fuel having a pipe 
for supplying fuel to a burner nozzle and a supply pipe for heating 
fluid and internal passages so arranged that heat may be transmitted 
from the heating fluid as it passes to the nozzle, is characterized in 
that means are provided for connecting the burner nozzle and the 
supply pipes to a carrier so as to permit movement of the nozzle 
about two transverse axes without movement of the pipes. For 
example, the carrier may comprise two parts which are relatively 
movable about one of the axes, one of which parts carries the nozzle 
and the other of which parts is provided with axially aligned swivel 
joints for connexion with the supply pipes so as to permit pivotal 
movement of the latter part about the other axis. , 

The burner may comprise an inlet chamber for the fuel disposed 
close to and communicating with a burner nozzle and having a part 
pa surrounding or surrounded by a space fed with the heating 

uid. 

The space for the heating fluid may also communicate with the 
burner nozzle and is supplied with heating fluid under pressure. By 
these means the heating fluid may perform the dual function of main- 
taining the fuel liquid and for carrying it out through the burner 
nozzle. The heating fluid is preferably steam. ‘ — 

In one constructional form of the invention, the heating fluid is 
introduced into a compartment having an extension projecting into 
the inlet chamber for the fuel, which inlet chamber and heating fluid 
compartment are.fed by conduits in axial alignment and the burner is 
arranged to swing about the axis of the conduits. ue: 

The burner nozzle may be attached to or formed on a part which is 
pivotally secured to a unit comprising the inlet chamber and heating 
fluid compartment. 


Steels for High Temperatures 


The enormous rise in the operating temperatures of many industrial 
processes in recent years has called for a corresponding development 
in the materials of construction employed, and Hadfields, Ltd., 
Sheffield, have issued an interesting brochure reviewing the progress 
of their steels of high creep strength for use at temperatures up to 
550°C. Certain elements, notably molybdenum, greatly increase the 
creep strength of steel up to a maximum temperature of 550°C., and 
the steels described in the brochure have been designed to work 
within this temperature range. The creep strength of a steel is largely 
independent of its properties at room temperature, so that a mild 
creep-resisting steel may have a much greater creep strength than a 
high tensile structural steel. Strength in the cold, however, may be 
important, as in the case of steam-pipe flange bolts, so that high 
tensile creep-resisting steels have been evolved. 
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The London Market 
May 4. 

Prices of Tar Products in the London market 
remain unchanged. They are to-day as 
follows: Pitch is nominal; creosote is 43d. to 
5d. per gallon; refined tar 33d. to 4d.; pure 
Toluole under the Ministry of Supply Toluene 
No. 2 Order is 2s. 5d.; pure benzole is 1s. 10d. ; 
95/160 solvent naphtha, 2s. 4d. to 2s. 6d., and 
90/160 pyridine about 13s. 6d., all per gallon 
naked; '.refined crystal naphthalene is £23 
per ton in bags ; all prices are ex Makers’ 
Works. 


The Provinces 
May 4. 

The average prices of gas-works products 
during the week were: Pitch and Crude Tar,* 
Toluole, naked, North, 1s. 10d. (controlled by 
the Control of Toluene No. 2 Order, July 5, 
which fixes the maximum price at which this 
material may be sold). Coal tar, crude 
naphtha, in bulk, North, 10d. to 11d. Solvent 
naphtha, naked, North, Is. 9d. to Is. 10d. 
Heavy naphtha North, Is. 6d. to Is. 74d. 
Creosote, ex works, in bulk, North, liquid and 
salty, 44d. to 43d.; Scotland, 44d. to 43d.; 
low gravity, 44d. to 43d. Fuel Grade, 4d. to 
44d. Carbolic acid, 60’s, 3s. 74d. to 3s. 9d. 
Naphthalene, £12 to £15. Salts, 70s. to 80s., 
bags included. Anthracene, ‘“‘A’’ quality, 44d. 
to 43d. per minimum 40% purely nominal. 
Heavy oil: Unfiltered anthracene oil (min. 
zr. 1,080), 54d. to 54d.; filtered heavy oil 
(min. gr. 1,080), S3d. to 6d.; heavy anthracene 
oil gr. less than 1,080, 6d. to 64d. 

* In regard to pitch and crude tar prices we would 
ask readers to refer to the editorial note in our issue 
of Sept. 4, 1940, p. 404. 


Gas Products Prices 
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Tar Products in Scotland 


GLasGow, May 3. 


While prices remain substantially unchanged 
there is considerable activity in most products. 


Refined tar is steady at 44d. to 43d. per 
gallon in the home market and 34d. to 34d. 
per gallon for export, both f.o.r. naked. 


Creosote oil continues in good call at the 
following prices: Specification oil, 5d. to 54d. 
per gallon; low gravity, 6d. to 64d. per gallon; 
neutral oil, 53d. to 6d. per gallon; all ex Works 
in bulk. 


Cresylic acid: This product is in very great 
call with prices unchecked and supplies, when 
available, are now valued at approximately 
as under: Pale, 99/100%, 2s. 10d. to 3s. per 
gallon; Pale, 97/99%, 2s. 6d. to 2s. 9d. per 
gallon; Dark, 97/99%, 2s. 3d. to 2s. 6d. per 
gallon; all ex Works in buyers’ packages. 


Crude naphtha remains unchanged at round 
64d. to 74d. per gallon ex Works in bulk, 
according to quality. 


Solvent naphtha: 90/160 grade is Is. 84d. 
to Is. 9d. per gallon, and 90/190 Heavy 
Naphtha is Is. 44d. to Is. 54d. per gallon. 


Pyridines are nominal at round 15s. per 
gallon for 90/160 grade and 17s. per gallon for 
90/140 grade. 





Gas Company Dividends 


Maryborough (Queensland).—A dividend of 
5% per annum for the past year is being paid 
by the Maryborough (Queensland) Gas and 
Coke Company, Ltd., which is the same as for 
the preceding twelve months. Gas sales show 
an increase of 5% as compared with 1939, 
while sales of appliances have surpassed all 
previous . records. Regarding the amount 
shown in the Balance-Sheet under the heading 
of ‘Appliances installed on hire-purchase,” 
the Directors point out that, ‘not only is the 
Company deriving a reasonable return on 
money invested through this source, but, in 
addition, the gas sales as a result have also 
increased very considerably. This is in keep- 
ing with the Company’s progressive policy to 
make gas a popular commodity.” 

Primitiva (Buenos Aires)—The Directors 
of the Primitiva Gas Company of Buenos 
Aires, Ltd., recommend a dividend for the 
past year of 13%, free of income-tax (same). 
The Company’s contract with the Municipality 
of the City has been extended until July 15 of 
this year. 

Tunbridge Wells.—In respect of the half- 
year ended Dec. 31, at the rate of 74% per 
annum on the sliding-scale stock, and of 5% 
per annum on the maximum stock. 

Wellington (N.Z.).—After payment of a 
dividend of 8% for the year (same), the Wel- 
lington Gas Company, Ltd., of New Zealand, 
will have a carry forward of about £5,000 less, 
at £14,851. During the year 530 services 
were laid. 


Ewart & Son, Ltd. 


The trading account of Ewart & Son, Ltd., 
for the year ended Dec. 31, 1940, showed a 
profit of £2,109, against which was charged 
compulsory wartime expenditure amounting to 
£2,008, leaving a net profit of £101. This 
compares with adverse balances of £5,646 for 
1938 and £9,614 for 1939. At the Annual 
Meeting on April 30 it was stated that sub- 
stantial orders were in hand, although peace- 
time activities had naturally been curtailed. 
The Directors were unable to recommend any 
dividends for 1940. 


Camouflage Paint 


Sixteen shades of camouflage paint officially 
approved by the Ministry of Home Security 
are shown in a colour chart issued by Archd. H. 
Hamilton & Co., Ltd., 27-37, Bardowie 
Street, Glasgow. The company recommends 
standard shades made up on an oil base, for 
although a cheaper paint could be supplied on 
a distemper ot bitumen base, the oil base 
paints will give better protection and will cause 
less trouble when reverting to ordinary pro- 
tective paints after the war. 

Shortage of containers has been causing 
Messrs. Hamilton some anxiety, and it will 
greatly help them if their customers will look 
round to see whether any of their empties are 
lying about stores or yards and return them to 
Messrs. Hamilton’s Works. 
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‘“‘ Permac’’ Joints in a Gas Works. 


(Permac 


METAL-TO-METAL JOINTING MATERIAL 
a 


Ever since 1913 “PERMAC,”’ the 
original Metal-to-Metal Jointing, has 
been holding up difficult joints like 
these in important Gas Works and on 
Coke Oven Plants all over the world. 
Equally suitable for any joint—steam, 
water, gas, oil—screw pipe or flange. 
Send for particulars. 


Manufactured only by 


=mThomas & Bishop LL? 


(formerly of 37, Tabernacle Street, 
London, E.C. 2) 


Temporary address: 
39, Arthur Road, Wimbledon Park, 
London, S.W. 19 
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GAS STOCKS AND SHARES 


The chief feature of Stock Exchange business last week was the 
re-investment demand for British Funds, the prices of which closed 











the previous week, but this had no beneficial effect on prices, and in 
the Official List the few changes were in a downward direction. Gas 















anything up to a point higher than a week ago—24% Consols finished Light units have remained steady at 10s. for some time past, but 
} up at 78. Towards the end of the week the merging of the Ministries several of the Company’s fixed-interest stocks reacted last week. 
of Shipping and Transport led to a big demand for home rails, and There was a heavier demand for Imperial Continental stock but the : 
prices rose sharply. There was little doing in the Industrial Section, quotation closed unchanged at 444. On the Provincial Exchanges : 
although prices were inclined to harden here and there, and the Newcastle units hardened 3d. to 17s. 9d., and Bristol rose 2 to 87. yi 
market closed with a firm tone. Oil shares continued out of favour, There were no changes in the Supplementary List. 
and rubber and tea shares remained idle. A little more interest was This being the first issue of the month the Stock and Share Lists 
apparent in the mining market and a few rises were recorded before appear in full, showing the quotations as at May 1. The rises and 
the close. falls, however, are those for the week only, the previous changes q 
There was more business done in the Gas Market compared with having been reported each week during April. 


_ Quotations on the London and Provincial Stock Exchanges 











| | ; ° 
| Dividends. Rise || | Dividends. | | Rise 















| Whe ji] | Quotas | or || | When |———]| Quetae | or 
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1,767,439 | March 10 7 6 Alliance & Dublin Ord. ies a ee || 351,685 | Dec: 16 5 a 5 Brighton, &c.,5p.c.Perp.D:> . | 88—93 
74,000; Dec. 30) 4 4 Do. 4 p.c. Deb. = 90-95 | .. | 700 se 17 54 53 Do. 5} p.c. Red. Deb. 1942... | 95—100 
957,608 | Nov. 4] 5 5 Asscd. Gas & Water U'd’ts Ord.) 11/6—13/6 | || 415,250 - 23 4 4 Bristol Gas Co.,4p.c.Newweb. | 88-93 | 
$00,000 | wa 43 44 Do. 44 p.c. Red. Cum. Pref. | 14/6—16/6 | | 140,205 | Feb. 3 7 7 Cambridge, &c.,7 p.c. Cons.*B’ | 100—110 | 
535,545 | ve | 4 4 Do. 4p.c. Red. Cum. Pref. | 14/6—16/6 | | 295,932] March 3 5 5 Cheltenham, 5 p. c.Cons.Ord.... | 85—90 
336,646 | 4 a Do. 4p.c. irred. Cum. Pref. | 10/-—12/- | | 42,500) Dec 16 4 4 Do. 4 p.c. Perp. Deb... 75—80 
ooh. ae Feb.” 17 | 7 7 Barnet Ord. 7 p.c. sie ss §95—100 | | 150,000} Feb. 24 4 4 Croydon Gas, 4 p.c. Pref. (Irr. ge 68—73 
Oct. 14) 1/92 jae Bombay, Ltd... w | 19/6—21/6 | —.. |, ‘|| 130,000) Dec. 30 4 4 Do. 4p.c.Deb. ...| 75-80 | 
390,407 Feb. 24 7 Bournemouth 7 p.c. max, we) HWO—120 |... | 146,700] Feb. 10 53 54 | East Surrey, 54 p.c. Pref. ‘A’ . | 80—90 
362,025| Dec. 16 a 4 Do. 4 p.c. Deb. - s8—93 |... || 53,220 " 10 6 6 Do. 6 p.c. a Pref. . 90—100 
659,955 | March 3 | 43 23 Brighton, &c.,5 p.c. Con... 60-65 |... cia Aug. 19 6 4 Eastbourne, ‘Be Db Pe... | 30—50 
855,000, March 10; 6 6 Brit. Gas Light Ord... 65-75, | «+ || 239,135] Nov. II 5 8 Gas Consolidation a Ord. (£1) | 13/-—15/- | 
545,000| Dec. 16) 53 53 Do. 54 p.c.‘B’ Cum.Pref | 105—115 «- || 156,600] Feb. 24 5 5 Hampton C’t,5 p.c. Cons. Ord. | 67-—72 
120,000 | » 4 = Do. 4p.c. Red. Deb. | 75—80 | \ 18,000 | Dec. Ps 7 5 Malta & Med "Oud p.c. IstPref. | 50-60 | 
10,000 | Nov.6 °33 6 4 Cape Town, aot, 4h ape Cu. Pf. 4—} | || 10,845 a 2 7 | 34 Do. 7} p.c. 2nd Pref. 50—60 
626,860 | Feb. 3 | 6 6 Cardiff Con. O rd. 87—92 |... || 50,000] Feb. 24 | £5196) 33 =| Mid. South. Util., th Cons.5p.c.| 60—70 
24,500 | Sept. 23 | 7 7 | Colombo 7 p.c. Pref. .. 19/-—21/- |... || +65,000] April 21! 5 £5 46) North Middlesex, 5 p.c. Pref....| 75—80 
764,169 | March 24 |-/11.48 |-/11.48 | Colonial Gas Assn. Ltd. Ord. . 13/6—15/6*| ... || += 70,000} Sept. 9 5 5 Plymouth & Stone., 5 p.c. Deb. 83—88 
400,000 | - 1/3.30 | 1/3.30 | Do. Sp.c. Pref. ... | 18/6—20/6*|__... 76,501| Dec. 30 4 5 | Reading, 4p.c.Perp.Deb. ...| 70—75 
1,748,935 | July 22 2 3 Commercial Ord. a bw 7—32 | .. || 74,777] Sept. 30 4 4 | Romford, 4 p.c. Debs. (Reg.)... | 77—82 
620,000 | Dec. 9) 3 3 Do. 3p.c.Deb. ... oe $742 |... 21,000} Dec. 16 5 4 Slough, 5'p. c. Perp. Deb. ww. | 87—92 
286,344| Feb. 17 5 5 Do. 5Sp.c.Deb. ... ....| 87—92 wn 211,740] _,, 30 5 5 | Southampton, 5 p.c. Red. Deb. 97—-102 
807,560| Feb. 24) 6 6 Croydon sliding scale .., ‘. 80—85 “ 363,575 | Dec. -30 5 5 | Tottenham, 5 p.c. Reg. Red. Mt. 94—99 
644,590 | Pe | 5 5 Do. max. div. .. | 78—83 ee 202,019] April 15 6% 5 | Tunbridge Wells, 4 p.c. Scale .., 65—70 
620,385 Dec. 30 5 5 Do. 5 P.c. Perp. Deb. ... 95—100 «|| 135,257] June 10 5 6} | Uxbridge &c.,59.c.Perp.Deb.  95—100 
179,500 | Feb. 10 5 5 | East Surrey ‘B,’ 5 p.c. 60—70 i 5 | 
176,461.| Dec. 16 5 5 | Do. 5 p.c. Deb. (Irred, We 87—92 wae { | 
250,000 | Nov. Il | 4 6 Gas Consolidation Ord. ‘B’ 13/6—14/6 | i peers rt ———— 
250,000 Nov. iI! 4 4 Do. 4p.c. Red. Cum. Pref. 1S/——I7/- |... | 
19,122,910) July 29 33 3 Gas Light a Coke Ord. po 9/6—10 60) Sas 
2,600,000 *” 34 3 Do. 33p.c.max....  ... 30-40 | —2} 
4,477,106 mw | 4 4 Do. p.c. Con. Pref... 55—60 | —4 
2,993,000 | July 8 3} 3} Do. 3} p.c. Red. Pref. ... 64-69 | -!I 
8,602,497 | Dec. 2 3 3 Do. 3p.c.Con.Deb. ... 65—70 | ... |l_ 
3,642,770 o | 5 5 Do. S5p.c.Red.Deb. ... | 102—107 | : 
Teese «| | t | Be Meaenee =| ‘eee | C Que 
r arc 1° e eb. wn — eos i 
5,600,000 | May 13 4 8 Imperia! Continental a ee 42—47 «||, PROVI NCIAL EXCHANGES April 25 
43,820| Jan. 27| 3) | 3} Do. 3}p.c.Red.Deb. ... | 75—80 ity = enn 
231,978 | Feb. 24 | 5 5 M.S. Utility ‘C ’ Cons. ... ne 66—71 | } } 
918,657 4 4 4p.c. Cons. Pref... ji 73—78 by 804,948; March 10 SY 5 F Bath Cons. re woe “bs 94—98* 
675,000| Nov. 11 +4 +4 Montevideo, Ltd. es w. | 52—57 “3 122,577| July 22 ak Blyth 5 p.c. Ord. acs vel | Oe . 
300,000 | April 28 9 7 Oriental, Ltd... 119—124* —! 1,667, 250 | Feb. 24 5 | 5 | Bristol,5p.c.max.  ., so | oo—88 +2 
368,537 | Dec. 9 8 64 Plymouth & Stonehouse 5 p.c. 88—98 = 120,420| Dec. 16 4 | 4 Do. Ist 4p.c. Deb. we | 924—943 
621,667 | Feb. 3 7t 74 Portsmouth & Gosport Cons. 90—95 ee 415, 250 | *” 4 4 Do. 2nd 4p.c. Deb. a. | 91-94 
648,999 | Sept. 16 I/I 1/1k | Severn Val. Gas Cor. Ld. Ord. | 13/-—15/-|... 328,790 | ’ 5 } *S | Oe teat: «. «| (7-10 
597,972 March 10 -/10% -/10% Do. 44 p.c. Cum. Pref.... | 15/6—17/6 |... 157, 150} Feb. 3 5 | 64 | ChesterSp.c.Ord.  ... Le 98—101 
2,528,714 | Sept. 2| I/- ~/7% | South East’n Gas Cn. Ld. Ord. /-—9/- am 92'500 | Dec. 16 4 | 4 Do. 4 p.c. Pref. ... | 79—8i 
1,000,000, March 3 | -/10% -/1Cz Do. 44 p.c. Red. Cum. Pref. 13/6—15/6 ~~ 36,430 | Pa 34 34 | Do. 34pc.Deb. .. ...| 79—84 
1,068,869 ‘s 4 4 Do. 4p.c. Irred. Cum. Pref. | 10/-—12/- |... 4l 1890 | ” 4 | 4 |_ Do. 4 p.c. Red. Deb. we | 93-97 
6,709,895 | Aug. 5 4 4 ‘South Met. Ord. .. ove | ns 542'270| Feb. 10! 6 | 9 | DerbyCons. oe ove | «= 9B—103 
1,135,812 - 6 6 Do. 6p.c.irred.Pref. ...| 75-80 | ... 55,000| Dec. 16 a a Eats Do. 4p.c.Deb. | | 75—80 
850,000 ‘a 4 4 Do. 4p.c.irred. Pref. ... S45 | ... 10, 000 | March 3) 10 10 | Great Grimsby ‘A’ Ord. =.) | 155—165 
1,895,445, Dec. 30 3 3 Do. 3p.c.Perp.Deb.  ... 63-48 |... | 6,500 ” | 10 10 Do. *B’ Ord. . | 155—165 
1,000,000 | Jan. 1S 5 5 Do. 5 p.c. Red. Deb. eae 98—103 ee | r$'on0 | »» ; 10 10 Do. *C’ Ord | 145—I155 
1,543,795 Feb. 24 4 2 South Suburban Ord, 5 p.c. ... 55—65 <4 732,000 | Feb. 24 | 4 4 Hartlepoo! G. & W. Cn. ‘& New| 61—63 
$12,825 * 5 5 Do. 5p.c.Perp.Pref. ... 75-80 | —3 || 2,167,410| Feb. 17 6 6 |LiverpoolSp.c.Ord. ... ...| 91—93 
500,000 * 4 4 Do. 4p.c. Perp. Pref. ... 60—65 ws 245,500 | Dec. 16 5 5 Do. 5 p.c. Red. Pref. ... | 974—1004 
250,000 © 3} 3} Do. 3} p.c. Red. Pref. ... :, © Fa 306,083 | Jan. 15 4 4 Do. 4p.c.Deb. ... “ 98—100 
888,587 Dec. 16 5 5 Do. 5 p.c. Perp. Deb. ... 95—100 vz 20,000; Dec. 23) > | 5 a - Eaton 5 p.c. Pref. . a 9—I11 
750,541 | Feb 10 5 2 Southampton Ord. ‘on 50—60 M6 80,000 | *» | 5 | a.) 5 p.c. Deb... «. | _ 87—92 se 
350,000 Feb. 10 54 53 Swansea 54 p.c. Red. Pref. ... 9i—96 eat 2,430,267 | Feb. 10 | 5 | 5? Diewentels and Gateshead Con. |17/3—18/3a +-/3 
1,076,495 Feb. 24 5 5 Tottenham & District Ord. ... 70—75 by at - 4 | 4 | Do 4 p.c. Pref. ... | 79—81 - 
338,555 5 5 Do. 5p.c. Pref. ... has 80—85 es || 776,706; Dec, 23 34 34 Do 34 p.c. Deb... 80—85 
453,380 Dec.” 9 4 4 Do. 4p.c. Perp. Deb. ... 78—83 ~. {| 207,485| Oct. 21 5 5 |_ Do. 5 p.c. Deb. 43... 97—102 a 
1,247,505 | May 20 4 6 U. Kingdom Gas Cor. Ord. ...  12/—14/-| ... || 274,000) March 17 ae 5 | Newport (Mon.) Ord. ste 86—89 -I} 
1,085,952 Nov. 25 44 44 Do. 4}p.c. Ist Cum. Pref. ... 13/6—15/6 |... 13, 200; Sept. 16 83 | 7 | Pontyp’l Gas & M, 10 p. c. A’ 114—124 > 
,709 > 4 4 Do. 4 p.c. Ist Red. Cum.Pref. 13/-—15/- wae 13,600 | 6 | 5 | Do. 7pc.‘B’ i wis 94—10} 
745,263 | Dec. 16 43 3 Do. 44 p.c.2nd Non.Cum. Pf. | 10/-—12/- : 40,000 | 5 5 |. oe Tae*c’ exg we | 94—103 
1,200,000 | March 17 3} 3 Do. 34 p.c. Red. Deb. ae 84—89 | ... || 106,280) Feb. 3 1 | #10 | Preston ‘A’ 10 “ yak vee | 157—167 
380,606 | Aug. 5 7 63 Uxbridge, &c., 5 p.c. “ 80-90 |... =|; ~=—«(188,219 Pm 7 | 7 Do. ‘B’7p.c. Se ie 113—123 
1,371,138 | March 3 6 ~ Wandsworth Consolidated te 61-66 |... || 1,806,339| Feb. 24 6; 64 Sheffield Cons. we mi aan 109—I11 
525,768 v 4 4 Do. 4p.c.Pref. ... 1. | 61-66 Fo 95,000| Jan. 6 a Do. 2.0... | Se 
1,343,964 | Dec 16 5 5 Do. 5p.c.Deb. ... ee S—100 |... 332,351 | Feb. 3 6 ec] Pn 6 p.c. max, ... | 107—110 
383,745 4 4 Do. 4p.c.Deb. .. aa 75—8C |. 192,150| Feb. 12 5. | 5 | Weston-super-Mare Cons, 79—84 
558,342| Feb. 24) 5 5 Watford & St. Albans Ord. ... e489 li (“‘ “‘’C! 64,338; Dec. 30 4 4 Do. 4 p.c. Deb. .., aes 8)—85 
00,000 | Dec. 9 34 34 Do. 3h p.c.Red.Deb. ... | 84—89 | oe 33,340 c. 74 | 73 | Do. 74 p.c. Deb. ... e. | 135—140 








a.—The quotation is per £1 of Stock. * Ex. div. t Price free of income-tax. 





